Bulletin of Electrical Engineering and Informatics 

Vol. 7, No. 1, March 2018, pp. 21-27 
ISSN: 2302-9285, DOI: 10.11591/eei.v7il,750 


21 


□ 

Qualitative Analysis of Darlington Feedback Amplifier at 45nm 

Technology 


Rashmi Singh*, Rajesh Mehra 

Department of Electronics and communication, National Institute of Technical Teachers Training and Research, 

Chandigarh, City-Chandigarh, India 


Article Info 


ABSTRACT 


Article history: 

Received Nov 14, 2017 
Revised Jan 15, 2018 
Accepted Jan 29, 2018 


Keywords: 

45nm technology 
Bandwidth enhancement 
Broadband Darlington 
Amplifier 
Circuit design 
Circuit simulation 
Slew rate 


The transistors are the key element of present communication system having 
high data rate. Some applications need high gain by using very low 
frequency, and then transistors are used. Amplifier is the key element in 
many applications of present high data rate communication system such as 
low noise amplifier (LNA), broadband amplifier, distributed and power 
amplifier. The Darlington pair amplifier is analyzed for high frequency 
performance and related effect of bandwidth. Broadband feedback 
Darlington pair amplifier is designed with enhanced gain, bandwidth and 
slew rate. This paper presents the comparison of single stage and three stage 
feedback Darlington feedback amplifier with reference to gain, bandwidth 
and slew rate. This paper is simulated on cadence analog design environment 
at GPDK 45nm technology. This paper shows that increase in gain, 
bandwidth and slew rate of three stage Darlington feedback amplifier can 
show better stability over the single stage Darlington feedback amplifier. 
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1. INTRODUCTION 

At the global level, wideband amplifier has become a standard building block for radio frequency, 
macrowave applications, high speed communications, imaging systems and wide band instrumentations [1]- 
[10], Currently, a number of circuits are in place to implement the wideband amplifier such as distributed 
amplifier, multi-stage amplifier, cascode amplifier, feedback amplifier [11]-[15], The key advantages are that 
after multi decade its bandwidth performance up to macrowave frequencies, it can be realized in a small chip 
without the use of distributed or reactive matching techniques, and it is simple to use with few external 
components [16]-[20]. Darlington pair amplifier has been described as the amplifier, where two transistors 
are kept inside a single packet and equipped with high gain and input impedance [l]-[8]. In this amplifier, 
however, collectors are common, but the emitter terminal of first transistor has been coupled to the base 
terminal of the second transistor. Configuration means that the second transistor amplifies the signal which is 
already amplified by first transistor [3], [4], [6], Darlington Pair amplifier is used for amplification of small 
signal which is used in various communication circuits. If we need large current gain and more stability in 
any application Darlington pair amplifier is the best option [4], [6]. The voltage required to switch on a 
Darlington amplifier is just double compared to single transistor, because there are two base emitter junction. 
Bipolar transistors have low frequency current gain, to enhance this feature of bipolar transistors, Darlington 
pair amplifier is invented. After that, Darlington amplifier is used mainly in broadband amplifier. 

In future world, some portable devices like software radio, mobile etc. will need to cover a very 
range of frequency from 800 MHz up to 2.6 GHz. The bandwidth requirement has been converted into 
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narrower frequency band. Hence, large bandwidth requirement proposes the appreciable use of multiple 
bands in future. Thus it is necessary to develop amplifiers with large bandwidth, more gain and enhances 
slew rate to fulfill the requirements of portable devices like mobile handsets. In case of Darlington amplifier, 
use of feedback circuit leads to the less stability of circuit. 

In this paper, authors compare the single stage and three stage feedback Darlington amplifier with 
reference gain, bandwidth and slew rate by simulating on GPDK 45nm technology cadence analog design 
environment. In this study, authors highlight the better stability of Darlington amplifier using feedback 
circuit. 


2. RESEARCH METHOD 

2.1. Single Stage Darlington Amplifier 

A single transistor is used as the trans-conductance stage in broadband amplifier when it is in 
common source configuration [l]-[7], [9], [12], To achieve broad bandwidth performance almost equal to 
microwave frequencies, there is significant demand of Darlington pair amplifier in broadband amplifiers. To 
enhance the features of Darlington pair amplifier, many circuits are designed like cascade amplifier, mirror 
doubler, active balluns etc.[8] As compared to single stage emitter follower, Darlington pair amplifier shows 
the characteristics of high input resistance and low output resistance. Many circuits are widely used in many 
applications like distributed amplifier, feedback amplifier, multistage amplifier [l]-[6], [9], [12], 

As compared to single transistor, the Darlington pair amplifier have wideband highly linear feature 
in recent application. The cutoff frequency of a Darlington pair amplifier is just double as compared to single 
transistor with output impedance low and input impedance high [l]-[6], [9], [12]. Present Darlington pair 
amplifier has disadvantages when operated at a large bandwidth and under large signal. It has been found that 
the bias current can increase or decrease with related to change in input power due to operation of transistor 
under a large signal. When transistors are under large signal conditions, it has been suggested that even 
number of order products can be generated within transistor. The DC bias condition related to power level is 
varied by DC component which is included in even order products [11]. This disadvantage is removed in 
Darlington pair amplifier, which results in unacceptable big changes in the bias current. Figure 1 shows the 
basic circuit of single stage Darlington pair amplifier. 
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Figure 1. Basic circuit of single stage Darlington amplifier 


pD=pQl.pQ2 (1) 

where : PD=current gain of whole unit 

PQl=current gain of first transistor 
PQ2=current gain of second transistor 

2.2. Multistage Darlington Amplifier 

It has been observed that a single transistor is not sufficient for many applications. So that, a 
multistage amplifier is designed in which 2, 3, 4, etc. transistors are joined together. Different transistors are 
configured in such a way that next transistor will amplify the signal which is already amplified by the first 
transistor. In next, third transistor will amplify the signal which is already amplified by the second transistor 

[l]-[6], [12], 

In multistage amplifier overall gain may be defined as the product in the form of gain generated 
from the individual amplifier. 

Gain (A)=A1 *A2.An (2) 

Gain in dB (A)=A1 +A2.An (3) 
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A is the overall gain of the multistage Darlington amplifier. Figure 2 shows multistage Darlington 
amplifier 



Figure 2. Multistage Darlington amplifier 

2.3. Slew Rate 

The slew rate may be defined as the rate of change of output. It may also be defined as the changes 
in the output voltage over unit time. But there is a disadvantage with slew rate with respect to its ability to 
increase the amplifier non-linearity effects [13], [17], [18], At ideal condition, the output of the amplifier 
cannot be able to change instantly to the input voltage. Then the output of the amplifier is said to be slew rate 
limited and known as slewing [14], 

It is expressed as volts/seconds and the formula is presented as below: 

SR>2jtfVpk (4) 

where :f=operating frequency 
Vpk=peak voltage 

Additionally, small variation of voltage according to time is expressed as slew rate. 

SR=max ([dvout(t)/dt]) (5) 

Slew rate has been used to calculate some parameters of amplifiers like amplitude and maximum 
input frequency, which helps to get enhanced output of amplifiers and possibly not the distorted one [14]. 

The pair amplifier has disadvantage that it produces worst frequency response when amplifier is 
operated at higher frequency, although pair amplifier is used in applications of high speed just because of 
compact chip size and broadband performance of pair amplifier [15]. 

The Because of the slew rate of amplifier in the single stage and directly related to bias current 
source, there is a report that power dissipation of the circuit can be increased [14]. The main objective of the 
present study focused on to increase the slew rate having low input power. At the same time, other 
parameters of the amplifier will be remaining constant. The main factor which is responsible for slew rate in 
amplifier is its internal architecture. Amplifiers are unable to lead nonlinear operation because of limited 
bandwidth and linear phenomenon [15]. An amplifier is connected in unity gain configuration. In case of 
limitation is found on its dynamic performance as the finite amplifier bandwidth, then output would be 
expected from the follower. 

Below is the equation of unity gain Amplifier and its transfer function. 

Vo/Vt =l/l+s/Wt (4) 

Here, it shows the low pass STC response referenced over a time constant 1/Wt. 

Hence, in the next step, the step response is presented as. 

Vo(t)=V(l-e-wt) (5) 

Positive slew rate and negative slew rate have different value due to different arrangement of 
circuits of amplifier. Different arrangement of the pair amplifier has different slewing conditions [16]. For 
pull up and pull down amplifier should have outputs which are compliments with each other. I.e. the 
configuration does not have same at two sides. 

Modern instrumentation, high data rate communication system and wireless sensor network etc., are 
the current applications of pair amplifier. For wireless sensor network, we need that as soon as the output of 
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amplifier changes from one level to other. In the above applications, the speed of amplifier should be high i.e. 
the rate of change from one level to other should be high [l]-[6], [16]-[19], So, amplifier should have high 
slew rate. This statement inspires the designers to develop unique architecture which enhance amplifier slew 
rate. By increasing the slew rate of Darlington Amplifier, speed of Darlington amplifier also increases. 
Speed is first requirement of today’s high data rate communication system. 

2.4. Circuit Diagram 

As presented in Figure 3, the schematic diagram shows that two NPN transistors are arranged in 
such a way that emitter terminal of first transistor is coupled with base terminal of second transistor and 
collectors are common. Resistors and capacitors used in schematic are shown to have distinct parameters. 
One capacitor is used as load capacitor which is used to calculate the slew rate of the circuit. It is a single 
stage Darlington pair feedback amplifier. 

To improve the bandwidth, a feedback resistance is used Rf (12 k£2) and another resistance Rbias 
(150 £2) is used to maintain the value so that Ibias=Ie2. The circuit is biased with a supply voltage of 2 volt 
[13], In this paper, the value of feedback resistance is increased to Rf (19 k£2) and biased resistance is 
decreased up to Rbias (132 £2). Hence, parameters indicate that the slew rate of circuit can be enhanced. 
Figure 4 shows three stage Darlington pair feedback amplifier amplifier. 
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Figure 3. This diagram illustrates the flow diagram Figure 4. This diagram shows the layout of the three 
of the two stage Darlington pair feedback amplifier stage Darlington pair feedback amplifier amplifier 


In the present paper, used value of feedback resistance is Rf (13 k£2) and biasing resistance is Rbias 
(156 £2) and based on these two parameters, the bandwidth of Darlington feedback amplifier is significantly 
enhanced. To achieve additional increase in bandwidth, author have added some parasitic capacitances (C6 
and C7). 


3. RESULTS AND ANALYSIS 

Gain, bandwidth and noise and linearity of circuit also depend upon size and bias of the transistors. 
If no constraint exists on the noise and linearity of the amplifier and only the gain and bandwidth should 
satisfy a set of given conditions , the two transistors should be biased at a current density that maximizes their 
Transconductance. Thus small width can be chosen for first transistor [1]-[10], This improves the bandwidth 
and lowers the power consumption of the amplifier [1]. The width of other transistors is determined from 
ratio of width of the transistors. If number of stages is increased in amplifier, gain is increased but complexity 
of the circuit is increased which lower down the speed of the circuit. 

As a part of analysis of gain, bandwidth and slew rate of Darlington feedback amplifier, a simulated 
graph showing transient response of single stage Darlington feedback amplifier is generated based upon the 
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step of simulation and running of referred circuit model on Cadence analog and digital system design tools of 
GPDK 45nm technology. As shown in Figure 5, response graph indicate that the output voltage is in 
amplified form as compared to the input voltage. 
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Figure 5. This graph shows the results of the transient response of schematic presented in Figure 3 


This transient response graph is obtained from schematic diagram of three stage Darlington 
feedback amplifier on cadence analog and digital system design tools of GPDK 45nm technology. As shown 
in Figure 6, the transient response signal is indicated to be more amplified in comparison to response signal 
in Figure 4. It means that if we increase the number of stages in Darlington feedback amplifier, the gain is 
enhanced especially in case of three stage amplifier. 
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Figure 6. This diagram depicts the transient response graph of three stage Darlington feedback amplifier, 
which is obtained from the circuit diagram presented in Figure 4. 


In an earlier paper [13], there is a report on increase in 30% resistive biased Darlington Amplifier 
with reference to constant input power at 16 dBm, supply current of 14 mA at 1.8 GHz and supply current of 
14.6 mA at 900 MHz. In present case, we found up to 32% enhancement for resistive biased Darlington 
Feedback Amplifier. If we increase the stages in Darlington amplifier to enhance the gain, then maintenance 
of gain flatness is very difficult [1]. Further, to maintain the linearization of the circuit, the supply voltage 
and size of the transistors should be high enough [1], In this work, especially in three stage Darlington 
amplifier, the supply voltage is 1.8 volt and the size of transistors (W1AV2=1) and (W2/W3=l), which means 
that all three transistors have same width and responsible for the improvement of slew rate of three stage 
Darlington amplifier circuit. Additionally, there is possibility of increase in the speed of used Darlington 
amplifier circuit. 

In this paper, various important parameters of respective single stage and two stage amplifiers are 
calculated based on simulation results and the outcomes as listed in Table 1 to establish the rapid comparison 
specifically qualitatively Figure 6, Figure 7 and Table 1. At present, data obtained in this paper suggest that 
gain of three stage can be achieved up to three times compared to single stage Darlington pair feedback 
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amplifier. Bandwidth is also calculated in single stage and three stage Darlington amplifier, (single stage 0.7- 
28.4 dB, three stage 1.6-26.8 dB). Slew rate is also increased in case of three stage Darlington amplifier 
Figure 6, Figure 7 and Table 1. In this paper, authors compared data with an earlier reported broadband 
Darlington amplifier that showed a gain of 13.2 dB and bandwidth of 25.3 GHz by using HEMT-HBT 
configuration [2]. By comparison, our data support the existing notion that by increasing stage of Darlington 
feedback amplifier, there is an increase in gain of amplifiers as appeared in the present work. Another work 
on Darlington feedback amplifier [5] also reported on the gain of 14.5 dB and bandwidth of 12.3 GHz on 
three stage using 500nm pHEMT configuration, which is comparable to proposed circuit and found gain of 
18.1 dB and bandwidth of 1.6-26.8 GHz. In this work three stage Darlington feedback amplifier has high 
slew rate due to which speed is also increased and also improves the stability of the system. This work shows 
15% improvement in slew rate of three stage Darlington feedback amplifier as compared to single stage 
Darlington feedback amplifier. Taken together, by comparing earlier reported papers [1], [2], [5], our 
proposed circuit can be useful in enhancing gain, bandwidth and slew rate for better stability of Darlington 
feedback amplifier (Table 1). 

Table 1. This table shows the values of referred single stage and three stage Darlington feedback 
amplifier model. These values are calculated by using calculator on cadence analog and digital system design 
tools of GPDK 45nm technology. 


Table 1. This Table Shows the Values of Referred Single Stage and Three Stage Darlington Feedback 

Amplifier Model 


Ref. 

GAIN 

(dB) 

BANDWIDTH 

(GHz) 

SLEW RATE 
(pV/S) 

PROCESS 

Stage of 
amplifier 

[1] 

6 

0.8-32.7 

991 

250nm pHEMT 

Single 

HI 

17.8 

1.5-29.5 

1019 

250nm pHEMT 

Three 

[5] 

14.5 

12.3 

- 

500nm pHEMT 

Three 

[2] 

13.2 

25.3 

- 

HEMT-HBT 

Two stage 

This work 

6.8 

0.7-28.6 

1007 

45nm GPDK 

Single stage 

This work 

18.1 

1.6-26.8 

1171 

45nm GPDK 

Three stage 


4. CONCLUSION 

Based on the comparative analysis of data, authors conclude that the gain of three stage Darlington 
feedback amplifier can be possible up to three times compared to single stage Darlington feedback amplifier. 
In this paper, analysis between single stage and three stage Darlington feedback amplifier, slew rate is 
appreciably increased. However, in future work slew rate may be further increased by applying a slew rate 
booster circuit in above proposed Darlington feedback amplifier. By increasing the slew rate of Darlington 
amplifier, there is an opportunity to increase the speed of the amplifier by changing the value of load 
capacitor. Therefore, by using above approach, the performance of Darlington feedback amplifier can be 
enhanced for use mobile applications and other portable devices. 
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